Oct. 1997. Seeds that did not imbibe after soaking were scarified manually. Seeds were then sown in 25-mL cells in a soilless media (Germination Mix, Strong-Lite Horticultural Products, Pine Bluff, Ark.) and covered with ≈2 to 4 mm of vermiculite (Premium Grade Medium Vermiculite, Strong-Lite Horticultural Products). Planting depth of each species varied and was ≈1.5 times the minimum diameter of a seed. Seeds were germinated under intermittent mist (6 s of mist every 10 min, from 0700 to 1800 HR daily) at 23 ± 1 ºC air temperature. Seedlings were removed from the mist and transplanted into 450-mL pots in a soilless media (Universal Mix, Strong-Lite Horticultural Products) when cotyledons were parallel to the media surface (≈2 to 3 d after emergence from the media). Transplanted seedlings were then placed in a greenhouse maintained at 20 ± 1 o C air temperature under ambient daylight conditions (December 1996; November 1997; St. Paul, Minn.) for 7 d, after which seedlings were moved and environmental treatments were initiated.
Environmental treatments consisted of combinations of three air temperature treatments (15, 20, or 25 ± 1.5 ºC), and three lighting treatments. Lighting treatments within each temperature were: short-day (SD; 9 h of ambient light, plants covered with opaque black cloth daily from 1700 to 0800 HR; temperature under the black cloth was not recorded), night-interruption [NI; ambient daylight plus 2 µmol·m -2 ·s -1 irradiance from 2200 to 0200 HR, using incandescent lamps (Sylvania Directlite 100W, GTE Products Corp., Salem, Mass.)], or continuous lighting [CT; ambient daylight plus continuous 100 µmol·m -2 ·s -1 supplemental lighting from high-pressure sodium lamps (Lucolux LU400, General Electric, Cleveland, Ohio)]. Plants were fertilized weekly with 14.3 mM N, 0 mM P, and 6.5 mM K, supplied by Ca(NO 3 ) 2 and KNO 3 . Every fourth week, plants were fertilized with 14.3 mM N, 0.72 mM P, 6.5 mM K, 1.67 mM Ca, 1.1 mM Mg, plus trace amounts of micronutrients (Peter's Excel 15N-2.2P-12.5K Cal-Mg, The Scott's Co., Marysville, Ohio).
Data were collected at anthesis or after 20 weeks on leaf number below the first flower, plant height (from the media surface to the apical meristem), height to the first flowering node, first flower diameter, lateral shoot number (lateral shoots ≥2.5 cm), and visible flower bud number (≥1 cm in length). Plants with visible flower buds after 20 weeks remained in environmental treatments until anthesis. Potential commercial ornamental significance was evaluated subjectively based on floral characteristics, including flower size, flower color, flower number, whether plants flowered continuously, leaf and stem characteristics, and overall plant architecture.
The experiment was replicated twice over time, with each Hibiscus is the largest genus in the Malvaceae family (250 to 300 species; Bates, 1965 Cultivated Hibiscus are known for their large flowers that range in color from yellow to white and shades of pink and red. Flower diameter of some herbaceous perennial cultivars can be up to 30 cm (R. Warner, personal observation).
Commercially grown Hibiscus are both day-neutral (H. rosasinensis) (Dole and Wilkins, 1999) and long-day plants [H. syriacus (Thomas and Vince-Prue, 1997) , H. moscheutos (Runkle et al., 1996) ]. Hibiscus coccineus flowers naturally in July (Bates, 1965) , suggesting that it may also be a long-day plant. Hibiscus hiernianus Exell & Mend., H. mastersianus Hiern., and H. mechowii Garcke are short-day plants (Menzel et al., 1986) . However, little information is available on the floral induction requirements of Hibiscus species not commercially cultivated.
The popularity of Hibiscus presently being cultivated suggests other Hibiscus sp. may have commercial potential as ornamental plants. Therefore, the objectives of this research were to 1) determine environmental requirements for flowering of Hibiscus sp. and 2) identify potentially significant new ornamental species. Environmental treatments were selected to cover a wide range of thermoand photoperiodic possibilities to maximize the number of species that would be induced to flower.
Materials and Methods
Seeds of 36 Hibiscus sp. (Table 1) were soaked for 12 h in ≈75 ºC water that was allowed to cool to room temperature (≈22 ºC) (Nau, 1996) on 23 Nov. 1996. The experiment was repeated on 24 treatment consisting of four plants per replicate. Plants were completely randomized within each lighting/temperature treatment combination. Means were separated using Tukey's HSD test (P < 0.05) using the SPSS statistical analysis program (SPSS, Inc., 1997).
Results

FLOWER INDUCTION AND DEVELOPMENT.
Lighting and temperature treatments interacted with species to affect leaf number below the first flower. For some species there were insufficient plants for all treatments, so plants were placed in the 20 and 25 ºC temperature treatments, or under SD and NI in the 20 ºC temperature treatment only (Tables 2 and 3 ). Fifteen species did not flower under any environmental treatment ( (Tables 2 and 3) . Hibiscus radiatus flowered under the SD lighting treatment at all three temperatures, but flowered under NI lighting only when grown at 15 ºC (Tables 2 and 3) . Hibiscus surattensis flowered with a similar leaf number below the first flower when grown under the SD or CT lighting treatments (Table 2 ), but did not flower when grown under the NI lighting treatment.
Species that flowered at 20 ºC regardless of lighting treatment were H. calyphyllus, H. cisplatinus, H. costatus, H. lunarriifolius, and H. meraukensis (Tables 2 and 3 ). These species flowered with a similar leaf number below the first flower under either the SD or NI lighting treatments.
Hibiscus aculeatus, H. laevis, and H. moscheutos required a photoperiod inductive for flowering to grow, i.e., for continued Hibiscus trionum 'Sunnyday' had six leaves below the first flower bud, regardless of the light/temperature treatment. However, the first flower buds aborted under SD and NI treatments at 20 and 25 ºC, resulting in variation in leaf number below the first flower to develop completely to anthesis and days to anthesis (Tables 2 and 3 (Table 4) . Other flower colors observed were pink, white, and maroon. Flower diameter at 20 ºC under the lighting treatment that resulted in earliest flowering for each species ranged from 24 mm for H. meeusei and H. nigricaulis, to 124 mm for H. moscheutos (Table 4) .
Temperature interacted with lighting treatment to affect flower diameter of two species, H. radiatus and H. nigricaulis. H. radiatus flower diameter under the SD lighting treatment at 15, 20, and 25 ºC was 31, 72, and 100 mm, respectively. Increasing temperature from 20 to 25 ºC increased H. nigricaulis flower diameter from 24 to 54 mm under SD.
LATERAL SHOOT NUMBER AND PLANT HEIGHT. Hibiscus sabdariffa, H. surattensis, and H. trionum were the only species with lateral shoots. Increasing temperature increased the number of lateral shoots for all three species when grown under the CT lighting treatment (Table 5) . For example, H. surattensis had 0, 4, and 7 lateral shoots under CT at 15, 20, and 25 ºC, respectively. In contrast, H. surattensis plants had a similar number of lateral shoots under all three lighting treatments at 20 ºC. However, plants grown at 25 ºC had 2, 6, and 7 lateral shoots when grown under the SD, NI, and CT lighting treatments, respectively. Species, lighting treatment, and temperature interacted to affect plant height at anthesis (Table 6) . For instance, H. asper height at anthesis was 247, 332, and 789 mm under SD when grown at 15, 20, and 25 ºC, respectively. Height of H. radiatus at anthesis at 15 ºC was 217, 342, and 506 mm under SD, NI, and CT, respectively. Plant height at anthesis across all treatments ranged from 150 mm for H. costatus to 1500 mm for H. acetosella (Table 6 ).
Discussion
Fifteen species did not flower in any treatment after 20 weeks (Table 1) . This is not surprising considering many of these species are shrubs or trees in their indigenous habitats and may have a juvenile period longer than the length of the experiment (Salisbury and Ross, 1992) .
Variation in the photoperiodic requirement for flower induc- tion among Hibiscus sp. studied herein is consistent with results reported for other Hibiscus sp. (Menzel et al. ,1986; Thomas and Vince-Prue, 1997; Wilkins and Kotecki, 1982) (Runkle et al., 1998 (Crane, 1949; Crane and Acuna, 1945; Menzel et al., 1986) . Hibiscus surattensis flowered under both SD and CT, but flowering was completely inhibited by NI. Inhibition of flowering by NI, but not SD or CT, has been reported for other short-day plants, including H. sabdariffa (El-Afry et al., 1980; Mansour, 1975) . However, for results presented herein, H. sabdariffa did not flower when grown under CT. Similarly, Cockshull (1979) reported that three cultivars of the short-day plant, Dendranthema ×grandiflorum Kitam. (syn. Chrysanthemum ×morifolium Ramat.) (chrysanthemum), initiated flower buds when grown under continuous light. However, flower buds of only one of the three cultivars, 'Golden Stardust', developed to anthesis, and only when the temperature was 10 or 16 ºC.
The photoperiodic response for flowering of a given species is closely linked to the indigenous habitat of that species. Plants from latitudes 30 to 55 ºN are often long-day plants that may or may not require vernalization (Roberts and Summerfield, 1987) . This ensures that plants will flower and produce seed during the warm summer months before going dormant for the winter. In contrast, plants from latitudes of 0 to 30 ºN are often short-day plants or day-neutral (Roberts and Summerfield, 1987) . Our results are consistent with observations of Roberts and Summerfield (1987) where Hibiscus sp. native to the United States (i.e., H. militaris and H. moscheutos) were obligate longday plants. In contrast, species native closer to the equator (i.e., H. calyphyllus, H. cannabinus, and H. radiatus) were day-neutral and short-day plants (Tables 1 and 2) .
High temperature treatment (25 o C) delayed flowering of some Hibiscus sp. under inductive lighting treatments (Tables 2 and 3) . For example, increasing temperature from 20 to 25 °C increased leaf number below the first flower on H. mastersianus and H. nigricaulis, i.e., developmental delay. In contrast, increasing temperature from 20 to 25 °C increased leaf number below the first flower and days to anthesis on H. asper and H. physaloides, i.e., developmental delay and delay in time. In all cases, Hibiscus sp. that exhibited high temperature delay in flowering eventually flowered. Interestingly, species that exhibited high temperature delay were among facultative or obligate short-day plant groups only.
High temperature inhibition or delay of flowering has been observed in other species. Short-day induced flower initiation in Euphorbia pulcherrima Willd. ex Klotzsch. (poinsettia) is delayed when night temperature exceeds 22 °C (Dole and Wilkins, 1999) . Similarly, short-day induced flowering in Dendranthema ×grandiflorum and Schlumbergera truncata (Haw.) Moran. (Thanksgiving cactus) is delayed when day or night temperature exceeds 22 °C (Karlsson et al., 1989; Erwin et al., 1990) . Pharbitis nil Chois. flowering is delayed (Reese and Erwin, 1997) and Pelargonium ×hortorum L.H. Bail. (geranium) flower number per inflorescence decreases as average daily temperature increases (Erwin and Heins, 1993) .
Based on subjective characteristics mentioned previously, we determined that H. cisplatinus and H. radiatus have potential as new commercial ornamental crops. Hibiscus acetosella and H. trionum are currently commercially available, but are not widely grown.
